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Abstract
BACKGROUND: Ultrasound of the optic nerve sheath diameter (ONSD) is one of the most widely used noninvasive 
methods of screening for high intracranial pressure.
AIM: This study aimed to measure the ONSD and to find the appropriate cutoff point to indicate increased intracranial 
pressure.
METHODS: We examined 93 participants over 18 years of age with abnormal neurologic signs or symptoms and 
took computerized tomography (CT) scans of their brains. We measured the ONSD through ultrasound with the 
head positioned at 30°. We also used a linear array probe to measure the ONSD in the position after connecting the 
eyeball 3 mm.
RESULTS: The average of the ONSD at each side was 4.76 mm (95% confidence interval [CI]: 4.65–4.87) in the 
normal CT scan group and 5.33 mm (95% CI: 5.13–5.33) in the abnormal CT scan (indicating high intracranial 
pressure) group. An ONSD cutoff point of 5.0 mm yielded 74.14% sensitivity and 49.22% specificity. The positive 
predictive value was 0.38 and negative predictive value was 0.82.
CONCLUSION: The ONSD in the abnormal CT scan group was greater than in the normal CT scan group, and an 
ONSD of 5.0 mm can be used as a cutoff point for detecting increased intracranial pressure.
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Introduction
Increased intracranial pressure in patients with 
head injury or other conditions resulting in reduced 
consciousness can worsen neurological symptoms 
and increase the risk of disability or death [1]. 
Detection of this condition must be quick and accurate 
to allow for adequate treatment. The gold standard 
is the measurement through complicated invasive 
procedures [2], [3], which can only be performed by 
specialized neurosurgeons and require special tools. 
The measurement of intracranial pressure using 
noninvasive technique is, therefore, a better choice for 
patients in the emergency department [4].
Greater optic nerve sheath diameter (ONSD) 
has been shown to correlate with higher intracranial 
pressure [5], [6]. Ultrasound of the ONSD is thus 
one of the most widely used noninvasive methods of 
screening for high intracranial pressure. This method 
is convenient, fast, and inexpensive, making it suitable 
for screening patients in the emergency room. There 
have been many studies conducted to measure 
normal ONSD values in various populations. However, 
the cutoff points found to indicate a high intracranial 
pressure have varied from 3.19 to 6.30 mm.
This study aimed to determine normal ONSD 
in the Thai population and to find the appropriate cutoff 
point to indicate increased intracranial pressure.
Methods
This was a prospective diagnostic study that 
included 93 participants over 18 years of age who 
visited the Srinagarind Hospital emergency room 
between April 2018 and November 2018 with abnormal 
neurologic signs or symptoms and who underwent 
computerized tomography (CT) scan of the brain. The 
exclusion criteria were a history of high intraocular 
pressure, eye injury, intracavernous sinus arachnoid 
cysts, and pregnancy. Ethical approval was provided by 
the Khon Kaen University Ethics Committee for Human 
Research (HE601188).
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The sample size was calculated based on the 
prevalence of increased intracranial pressure reported 
in a study by Lee et al. [7]. To achieve a margin of 
error of 0.03, we determined that a sample size of 93 
would be required. Statistical analysis was performed 
using SPSS for Windows version 16.0 (SPSS Inc., 
Chicago, IL, USA). Categorical data were presented 
as percentages, and continuous data were presented 
using mean and standard deviation. Univariate 
analysis was performed using a two-sample t-test 
for numerical data and a Chi-squared test or Fisher’s 
exact test for data comparison between the two 
groups.
Each participant’s ONSD was measured 
through the SonoSite M-Turbo ultrasound machine 
(1-year probe used) with the head positioned at 30°. We 
also used a linear array probe to measure the OSND in 
the position after connecting the eyeball 3 mm [8], [9]. 
These procedures were conducted by doctors in the 
department of emergency medicine who had been 
trained by an eye specialist to record the size of the 
optic nerve sheath through ultrasound [Figure 1]. The 
ONSD data were compared to brain CT results, which 
were interpreted by a specialist radiologist. Abnormal 
CT scan group was detecting abnormality on CT scan 
by specialist radiologist.
Figure 1: The position at which optic nerve sheath diameter was 
measured
Results
Ninety-three subjects were examined, the 
characteristics of whom are shown in Table 1. In the 
normal CT scan group, 51.56% (n = 33) of the patients 
were male. The mean age was 65 ± 14.59 years. 
Hypertension was the most common preexisting 
condition (32.55% and 13.95%) and motor weakness 
was the most common clinical presentation in both 
groups.
Table 1: Characteristics of the subjects
Characteristics Normal CT scan 
(n=64), n (%)
Abnormal CT scan 
(n=29), n (%)
Sex: Male 33 (51.56) 18 (62.07)
Age±SD (years) 65±14.59 57±19.83
Preexisting condition
Hypertension 35 (32.55) 15 (13.95)
Diabetes mellitus 20 (18.6) 8 (7.44)
Alcohol dependence 2 (1.86) 3 (2.9)
Chronic kidney disease stage 3–5 4 (3.72) 1 (0.93)
Clinical presentation
Motor weakness 26 (24.18) 12 (11.16)
Alteration in mental status 9 (8.37) 7 (6.51)
Traumatic brain injury 11 (10.23) 1 (0.93)
Headache 6 (5.58) 4 (3.72)
Seizure 4 (3.72) 5 (4.65)
Dizziness 8 (7.44) 0 (0)
CT: Computerized tomography, SD: Standard deviation.
The average of the ONSD each side in the normal CT 
scan group was 4.76 mm (95% confidence interval [CI]: 
4.65–4.87) and 5.33 mm (95% CI: 5.13–5.33) in the 
abnormal CT scan (indicating high intracranial pressure) 
group (p < 0.0001) (Table 2 and Figure 2).
Table 2: ONSD in patients with normal and abnormal CT scans
ONSD Normal CT scan (mm) Abnormal CT scan (mm)
Right side 4.74 (95% CI: 4.56–4.89) 5.23 (95% CI: 4.97–5.45)
Left side 4.79 (95% CI: 4.63–4.95) 5.43 (95% CI: 5.43–5.76)
Both sides 
average
4.76 (95% CI: 4.65–4.87) 5.33 (95% CI: 5.13–5.33)
CT: Computerized tomography, ONSD: Optic nerve sheath diameter, CI: Confidence interval.
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Figure 2: 25th and 75th percentile of optic nerve sheath diameter in 
patients with normal and abnormal computerized tomography scan
The ONSD of 5.0 mm, with 74.14 % sensitivity and 
49.22% specificity, positive predictive value 0.38 and 
negative predictive value of 0.82 used for cut off point for 
detection of increased intracranial pressure [Figure 3].
Figure 3: Sensitivity and specificity of optic nerve sheath diameter
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Discussion
This study aimed to measure ONSD, which has 
been anatomically and pathophysiologically proven to 
be associated with a higher intracranial pressure [5,6].
A previous study in a Thai population found the 
normal ONSD in those patients to be 5.6 ± 1.8 mm at 
the posterior position of the eyeball and 3.7 ± 0.8 mm 
at the center of the optic nerve in the eyeball [10]. The 
results of that study differed from those of ours due 
to the fact that the previous study measured ONSD 
directly with a CT scan, but the measurements in this 
study were attained using ultrasound, the position may 
be different from the position used.
A previous study of ONSD in a Chinese 
population found larger measurements than in this 
study (5.1 ± 0.5 mm) [9], but those found in studies in 
Bangladesh and Nepal were smaller (4.41 mm and 3.1–
4.6 mm, respectively) [11], [12]. The cutoff number was 
different which depends on basic science knowledge 
about that the previous study was conducted in Asian 
patients, who tend to have higher ONSD cutoff point 
than those of Arabic patients.
In this study, an ONSD of 5.0 mm was used as 
a cutoff point to detect increased intracranial pressure in 
the emergency department using ultrasound, which is 
similar to those used in previous studies [13], [14], [15]. 
However, studies conducted in Korea and Turkey used 
cutoff points of 5.5 mm (sensitivity 98.77% and specificity 
85.19%) [7] and 5.3 mm (sensitivity 70% and specificity 
74%) [2], respectively. Ultrasound technique in emergent 
patients was limited due to the patient’s condition and 
movement of head position, but we try to set head 
positioned at 30°. This study had some limitations. 
The accuracy of ultrasound ONSD measurements can 
depend on the inspector. Although the doctors in this 
study were trained and practiced in this technique, they 
were not experts in ocular ultrasonography.
Conclusion
The ONSD in the abnormal CT scan group 
was larger than in the normal CT scan group, and an 
ONSD of 5.0 mm was used as a cutoff point to detect 
increased intracranial pressure.
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